The Brazilian Cerrado, a global biodiversity hotspot, has been widely converted by agricultural expansion and pasture establishment. As a result of these activities, several plant species have experienced population declines such as pequi (Caryocar brasiliense). We analyzed the feasibility of economic use of C. brasiliense based on population structure and fruit productivity. The average fruit production was high and significantly different between 2013 (515 fruits ind-1) and 2014 (344 fruits ind-1) (t = 2.32, p < 0.01), with 33% less fruit production in 2014. The canopy area (r2 = 0.22, p < 0.05) was the only population parameter related to productivity (2013). One hectare may yield an average of one ton of complete fruits, which is equivalent to up to 16 liters of pulp oil. The family income obtained with oil pulp sale could up to R$ 1,080 (US$ 327). We support the hypothesis that high pequi fruit productivity makes the extraction of this resource viable, especially for giant earthworm extractors.
INTRODUCTION
The extraction of non-timber forest products (NTFPs), such as fruits, seeds, oils, resins, fibers, barks and aromatic, medicinal, and ornamental plants (Arnold & Pérez, 2001; Soldati & Albuquerque, 2008) , has been proposed as a viable alternative to contain environmental degradation and improve the well-being of human communities (Arnold & Pérez, 2001; Marshall & Newton, 2003; Schreckenberg et al., 2002) . The gathering and commercialization of NTFPs ensures the food security of a large portion of the human population and generates opportunities for low-income communities (Belcher & Schreckenberg, 2007; Homma, 2010) . For example, many families in the Brazilian Amazon earn a large portion of their family income from the commercialization of the Brazil nut (Bertholletia excelsa), açaí (Euterpe oleracea), and cupuaçu (Theobroma grandiflorum). These NTFPs have significant value and appreciation in national and international markets (Peres et al., 2003; Homma, 2010) .
Tropical savannas host over half of the world's population residing in African, Asian and South American countries, and these peoples are strongly dependent on NTFPs. The Cerrado is the most diverse tropical savanna in the world and covers approximately two million km 2 in central Brazil (Ratter et al., 1997; Klink & Machado, 2005) . This biome is a biodiversity hotspot (Mittermeier et al., 2004) . Despite its biological and cultural richness resulting from the existence of traditional communities, such as natives, quilombolas and artisanal fishermen (Diegues, 2000) , a large part of its vegetation remnants are being replaced by monocultures and pastures, usually aided by public economic expansion policies (Zardo & Henriques, 2011; Giroldo & Scariot, 2015) .
The Cerrado has over 50 plant species that are used for food, medicinal and economic purposes with established national and international markets (Felfili et al., 2004; Afonso & Ângelo, 2009 ). Native species with relevant economic potential include the araticum (Annona crassiflora), cagaita (Eugenia dysenterica), baru (Dipteryx alata), and pequi (Caryocar brasiliense) (Pozo, 1997; Afonso & Ângelo, 2009) . A study on the production rates of NTFPs in Brazil showed that only the production of copaiba oil and pequi oil increased between 1982 and 2005 (Afonso & Ângelo, 2009 ). Thus, the pequi is the main Cerrado product commercialized in large amounts, as most of the copaiba oil supply comes from the Amazon region.
The national market demand for pequi increased from 3300 tons in 2001 to 5700 tons in 2010 (Young et al., 2012) . The increasing demand for this and other NTFPs associated with environmental impacts and the economic difficulties faced by rural communities may contribute to its unrestrained harvest, thereby altering its survival, growth and reproduction rates, with subsequent changes in fruiting events and the proportion of seedlings, juveniles and adults (Giroldo & Scariot, 2015) .
The structure of a managed population may indicate its conservation state. Additionally, the factors that may affect a species' productivity can be better understood when fruit production is associated with the species' demographic parameters, thereby allowing the establishment of management strategies that do not affect long-term species persistence (Leite et al., 2006; Zardo & Henriques, 2011; Virillo et al., 2011) . Studies of C. brasiliense extraction in yet unmanaged Cerrado areas enable us to assess other factors that may affect the population structure and productivity of this species (Giroldo & Scariot, 2015) , and consequently to propose conservation measures considering the current scenario and extraction as an income source.
The aim of this study was to analyze the population structure and productivity of C. brasiliense in a Cerrado area within a quilombola territory to gather evidence on the use of this NTFP as an alternative income source allied to this biome conservation. We considered the following hypothesis in this study: the C. brasiliense productivity and fruit yield enable its use as an alternative income source.
MATERIAL AND METHODS

Study area and species
This study was conducted in a Cerrado area within the territory of a quilombola remnant called the Pontinha Quilombola Community (19°23'07.3" S and 44°27'21.3" W, Decree nº 4,887 of November 20, 2003) in the municipality of Paraopeba, located in the central region of Minas Gerais state (Figure 1 ). In Brazil, the lands occupied by the quilombola community (Brasil, 2006, p. 38) .
This territory has a predominance of Cerrado trees and shrubs that have been converted into pastures and monocultures. The altitude in the region varies from 734 to 750 m, and the climate is humid subtropical with rainy summers and dry winters (Cwa) according Figure 1 . Paraopeba Municipality, central region of Minas Gerais state, southeastern Brazil, where the territory of Pontinha community is located (Pinto et al., 2016) .
to the Köppen climate classification. The mean annual temperature is 21 °C, and the total annual rainfall varies from 1300 to 1600 mm, with a monthly mean under 40 mm during the dry season (Alvares et al., 2014) .
The territory of this community still has no official demarcation. Thus, the community members define the areas of occupation and land use. The community is composed of approximately 200 family units whose main income source is the extraction of a giant earthworm (minhocuçu) endemic to the Cerrado (Rhinodrilus alatus) that has been sold as live bait for over 80 years in the region. Informal agreements with extractivists and merchants led to the suspension of the extraction of R. alatus during its reproductive period (Drumond et al., 2015) . Because the pequi tree C. brasiliense (Caryocaraceae) occurs in this territory and produces fruits during the same period, its fruits have been indicated by the community as a potential NTFP for use as an alternative source of income (Pinto et al., 2016) .
The pequi is a tree species endemic to the Cerrado that is also found in transition zones within the Amazon Forest, the Caatinga, and the Pantanal (Araújo, 1995) . Flowering mostly occurs from July to September and fruiting from October to March (Leite et al., 2006) .
The pequi fruit is a drupe that has approximately 12 centimeters in diameter with an average weight of 100 grams, and can contain one to four pyrenes (known popularly as caroços). The pyrene is the dispersal unit and is composed of the stiff and spiny endocarp and the internal mesocarp or pulp. The pulp has high nutritional value and is rich in carotenoids, vitamins A and C, flavonoids, tannins, and oils . The fruits are used in many parts of Brazil in traditional sweet and savory dishes, condiments, oils, and liqueurs (Rezende & Cândido, 2014) .
Population structure and fruit production
For C. brasiliense sampling, we first prepared a map with the current use area of the territory with the participation of community members. In December and January 2013, we defined the territory's limits and created a shapefile of the territory in Quantum GIS (QGIS Development Team, 2016) and Google Earth. We estimated the use area as 1,184 hectares, 1,030 hectares of which corresponded to the area with potential pequi occurrence. We did not consider the 154 remaining hectares corresponding to the territory occupied by farmers, squatters and reforestation of a steel company or to areas where C. brasiliense did not occur, such as wetlands, riparian vegetation, and water bodies as use areas . The C. brasiliense density was assessed by randomly sampling 60 20 × 50 m plots for a total sampling area of 6 hectares between the years of 2013 and 2014 (Figure 2) .
In each plot, we marked all C. brasiliense individuals and measured the stem diameter at ground level (DGL), diameter at breast height (DBH, 1.30 cm), total height (TH), and canopy projection area (CPA). These measurements were taken using a measuring tape, a digital caliper and a telescopic rod. Stems bifurcating at soil level were considered to belong to different individuals if they were 30 cm apart or more at soil level. We defined individual classes based on their DGL, DBH, and TH values and on fruit presence or absence. With the exception of resprouting (cut down) individuals, individual trees were considered infants with a height ≤ 1.30 cm and a DGL ≤ 3.5 cm. Trees with a DGL > 3.5 cm and a DBH < 10 cm that could not reproduce were considered juveniles, and trees that were reproductive with a DBH ≥ 0 cm were considered adults. We recorded fruiting and flowering as a binary presence/absence variable, with the number one (1) representing reproductive individuals and the number zero (0) representing non-reproductive individuals.
For the physical characterization of fruits in 2013 and 2014, we randomly selected ten adult pequi trees and collected ten healthy fruits from each individual. Using a precision scale, we measured the total weight of each fruit, the weight and number of the pyrenes and the weight of the pulp, which was extracted from the pyrenes with a knife. We assessed whether differences existed in the fruits' physical variables between the years using the t-test (α = 0.05) (PAST, version 2.17).
In all plots, we identified possible threats to the C. brasiliense populations, including the following: i) giant earthworm extraction (which leads to seedling removal during soil disturbance); ii) conversion of Cerrado areas into pastures; iii) pequi tree logging; iv) fire; v) Eucalyptus and Pinus monocultures; and vi) family agriculture. These activities were recorded Considering the low accuracy in determining C. brasiliense fruit production by conventional means, such as visual estimates and random branch sampling (Santana & Naves, 2003; Borges et al., 2012) , we used a participative fruit counting method. Twenty-four community members monitored 24 adult pequi trees during two consequent harvests (2013 and 2014 years). Each participant counted and recorded on a calendar the number of fruits fallen from a C. brasiliense individual. The individuals of C. brasiliense monitored by the community members were located in Cerrado areas near their homes. To calculate productivity, we estimated production per area by multiplying the number of adult individuals in a hectare by the average fruit production quantified by the community members.
We used the t-test (PAST, version 2.17) to compare productivity between the two years and to predict fruit production of the 24 pequi trees in 2013 and 2014 based on their DBH, TH, and CPA values. We performed a multiple regression analysis (stepwise at α = 0.05) using Generalized Linear Models (GLMs) (R, version 3.3.1).
RESULTS
Population structure
In 2013 and 2014 we sampled 342 pequi trees in six hectares (57 ind ha -1 ) with the following mean parameters: DBH = 13.44 cm, DGL = 19.27 cm, CPA = 17.67 m 2 , and TH = 3.62 m ( Table 1) .
The distribution of individuals per class was 40 infants (7 plants ha (Figure 3a) . To assess the classes to which the resprouts would belong if their growth had not been interrupted, we reclassified these individuals based on their DGLs, resulting in a total of 168 adults and 105 juveniles (Figure 3b ). Thirty-nine pequi trees could not be reclassified because their DGLs could not be measured.
Of the possible threats to the C. brasiliense populations, the logging of pequi trees was the most frequent activity in the sampled plots (50%; n = 30). This threat was identified through clues left in place, such as fallen branches of the cut tree. Other major Figure 2 . Geographic limits of the quilombola territory. The blue and purple squares correspond to the plots, and the orange squares correspond to the community areas where Caryocar brasiliense does not occur. threats are giant earthworm extraction (37%; n = 22), pasture establishment (33%; n = 20), fire (25%; n = 15), monocultures (16%; n = 10), and family agriculture (1.6%; n = 1).
Productivity
The 24 monitored pequi trees produced a total of 12,355 fruits in 2013 (min. 25, max. 1866, mean 515 ± 380) and 8,261 fruits in 2014 (min. 1, max. 1,669, mean 344 ± 404), with the production in 2014 being significantly different (t = 2.32, p < 0.05) and 33% smaller than in 2013 (Figure 4) .
Fruit production by the monitored individuals was positively related to the canopy area in 2013 (r 2 = 0.22, p < 0.05) ( Figure 5 ). However, in 2014, no significant relationship (p > 0.05) was observed between productivity and the population parameters DBH, CPA, and TH.
The fruit, pyrene and pulp weight did not significantly differ between 2013 and 2014 (p > 0.05). However, the number of pyrenes per fruit was significantly different between the two years (t = 2.59, p < 0.05) ( Table 2) . We estimated the average fruit production per hectare to be 9,785 (1,498 kg ha 
DISCUSSION
Our data show that the use of pequi can provide an alternative source of work and income for the quilombo community of Pontinha, although the density of plants (57 plants ha -1 ) in the study area is lower than in other areas of Brazil, such as in the Central-West Region (Santana & Naves, 2003; Zardo & Henriques, 2011) and in northern Minas Gerais (Oliveira & Scariot, 2010) . The potential of using pequi is supported by data regarding the number and weight of fruits and pyrenes, and the production of fruits, which is much higher in the study area than in areas with or without extractive activities in other regions of the country. These regional differences are likely related to several 
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Population Structure and Fruit... Floresta e Ambiente 2019; 26(2): e20170995 factors, including microclimatic conditions, soil quality, plant density, pollinator abundance, and human intervention; however, they may also be due to different methods of data collection (Zardo & Henriques, 2011; Ferreira et al., 2015) .
Canopy area was the only population parameter significantly related to fruit production, as has been observed in other studies in northern Minas Gerais and Goiás (Oliveira & Scariot, 2010; Ferreira et al., 2015) . Individuals with larger canopies have more resources, which can favor greater fruit production (Oliveira & Scariot, 2010) . However, only 22% of productivity can be explained by canopy area, indicating that other factors, such as annual rainfall, could influence fructification, as documented by Leite et al. (2006) in the northern region of Minas Gerais.
The participation of community members in fruit counts from the number of fallen fruits, as in the present study, may reduce errors of under or overestimation. Additionally, this approach favors greater involvement of community in the study, which we considered important because it establishes bonds between external and local researchers from the beginning, and provides grounds for participative 15-46 g 27.0 ± 6.1 g 28.6 ± 6.6 g 27.8 ± 1.1 g 0.1 Pulp weight 5-18 g 7.7 ± 2.3 g 8.6 ± 2.3 g 8.1 ± 0.6 g 0.5 Number of pyrenes 1-3 1.4 ± 0.6 1.2 ± 0.4 1.3 ± 0.1 0.01
Values representing the smallest and largest fruits, pyrene and pulp weights, and the number of pyrenes per fruit*; Significance level of 5%**.
8/11 Pinto LCL, Rodrigues IPS, Drumond MA Floresta e Ambiente 2019; 26(2): e20170995 governance in the future management of this resource (Williams, 2011) . Fruit counts made by communities that use a resource have been incorporated in other studies, such as the participatory monitoring of Amla (Phyllanthus indofischeri and P. emblica) extraction, an important NTFP for indigenous communities of southern India (Sinha & Bawa, 2002) .
Based on the production potential and density of C. brasiliense in the studied quilombola territory, one hectare may yield an average of 1 ton of complete fruits, which is equivalent to up to 16 liters of pulp oil, the production of which requires approximately 400 pyrenes. This byproduct has a high market value of up to R$ 30 per liter (US$ 9) (Pinto et al., in preparation) , and is used mostly in the cosmetic and pharmaceutical industries (Pianovski et al., 2008; Enes et al., 2011) . In two work days, a farmer can extract up to 3 liters of oil, which translates to a monthly family income of up to R$ 1,080 (US$ 327) only with this product.
Although extractivism of NTFPs has positive effects for the conservation of species due to their valorization, it can also have negative effects on populations, such as overexploitation (Peres et al., 2003; Ticktin, 2004) , especially when done commercially. However, the greatest threat may not be from the gathering of fruits, leaves, seeds or other plant parts, but other factors such as logging and deforestation. In the community of Sierra de Manantlán, in Mexico, intensive logging of tila (Ternstroemia lineata) and blackberry (Rubus sp.) is reported to be the main threat to the extraction of these resources, some of the main sources of income for women there (Marshall & Newton, 2003) . This threat has also been observed in areas with intensive extractivism of baobab fruit (Adansonia digitata) for mukua in Mali, Africa (Dhillion & Gustad, 2004) .
In the present study, the main threat to C. brasiliense was the cutting of trees, but impacts resulting from the extraction of the giant earthworm minhocuçus (Rhinodrilus alutus), with the inversion of soil and the removal of the herbaceous stratum and the seed bank, are also important. In pasture areas, primarily occupied by landowners who exploit lands within the quilombo territory, adult pequi trees are predominant, but the renewal and establishment of young trees is rare due to grazing, tilling, and burning for pasture clearance. Even in areas of Cerrado, the presence of cattle is frequent and can damage this species because cattle compromise plant development, especially of young plants, by the consumption of branches and leaves (Ferreira et al., 2015) . Although less frequent than other threats in the study area, fire is traditionally used to "clear" pastures and other agricultural areas, and for collecting giant earthworms (Drumond et al., 2013) . Pequi trees with a height equal to or below the grass-herb stratum, such as seedlings and juveniles, are at a greater risk of injury and mortality during such fire events (Medeiros & Miranda, 2005) , which may compromise the population in the long term.
Extraction and sale of giant earthworms are important to the families in the quilombola territory, yet there is a need for an alternative income source, especially during the reproductive period of the worms. For comparison, up to 13 dozen giant earthworms can be extracted from one hectare of Cerrado, which are sold for R$ 20-30 (US$ 6.50-9.00). An extractivist working five days per week and collecting on average 1.5 to 3 dozen giant earthworms per day may earn between R$ 600 and 1,800 (US$ 181 and 545) per month (Silva et al., in preparation). Due to annual variation in giant earthworm availability, and the demand for live fishing bait for which the worms are used, income earned from this activity is unstable (Silva et al., in preparation) . Pequi extraction and processing would enable a rural worker to consistently earn a monthly income equal to or greater than the income earned from giant earthworm extraction.
Additionally, climate change (IPCC, 2014) is leading to significant changes in species distributions, and models predict a severe reduction in the distribution of R. alatus over the next 70 years (Hughes et al., unpublished data). The distribution and availability of C. brasiliense will also be affected by these changes due to the probable decrease in areas of Cerrado and, consequently, pequi trees, by 2050 (Nabout et al., 2011) . Brazilian states that currently supply the pequi market, such as Goiás and Minas Gerais, will experience negative impacts associated with the unavailability of the fruit in the long-term. The region studied will be one of the few Cerrado remnants with a high probability for the occurrence of C. brasiliense in the future (Nabout et al., 2011) , reinforcing its importance for the conservation of this species for the generation of local income and the maintenance of the pequi production chain.
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CONCLUSION
The present study provides evidence of the viability of using pequi as an alternative source of income for quilombolas, especially those depending on giant earthworm extraction. In addition to extractivism, the processing and commercialization of the fruit of pequi could provide an incentive for native residents to valorize the Cerrado biome and its exploited species. The data gathered in this study support the development of management practices based on community participation and the uncertainties and complexities of natural resource dynamics.
